WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 

F28F 13/00, H02K 7/20, H01L 23/36 // 
23/427, F28D 15/02 __ 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/14469 



16 March 2000 (16.03.00) 



(21) International Application Number: PCT/FI99/00719 

(22) International Filing Date: 7 September 1999 (07.09.99) 



(30) Priority Data: 
981909 



7 September 1998 (07.09.98) FI 



(71) Applicant (for all designated States except US): NOKIA 

NETWORKS OY [FI/FI]; P.O. Box 300, FIN-00045 Nokia 
Group (FI). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): MANNERJOKI, Tommt 
[FI/FI]; Hattarantie 24, FIN-05460 Nukari (FI). 

(74) Agent: BERGGREN OY AB; P.O. Box 16, FIN-00101 
Helsinki (FI). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL t TJ, TM, TR, TT, UA, UG, US, UZ, 
VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, 
SD, SL, SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, 
KZ, MD, RU, TJ, TM), European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

In English translation (filed in Finnish). 



(54) Title: HEAT EXCHANGER, CABINET FOR TELECOMMUNICATION DEVICES AND METHOD OF COOLING ELECTRONIC 
DEVICES 

(57) Abstract 

A heat exhanger is disclosed 
comprising a heat pipe (1) having at 
its end an attachment part (2, 4; 3, 
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exhanger can be adjusted and set 
to an optimal contact at the place 
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utility e.g. in installation cabinets 
of telecommunications equipment for 
the transfer of heat from the mounting 
rack to the walls of the cabinet. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SI) 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/14469 PCT/FI99/00719 

1 

HEAT EXCHANGER, CABINET FOR TELECOMMUNICATION DEVICES 
AND METHOD OF COOLING ELECTRONIC DEVICES 

Field and background of the invention 

The invention relates to heat transfer technology and pertains to a heat pipe type 
heat exchanger and its use e.g. in the cooling of electronic equipment placed in a 
closed space. The invention finds particular utility in the cooling of cabinets of tele- 
communications equipment. 

A so-called heat pipe type heat exchanger comprises a sealed tube inside which 
there is a vacuum and a suitable small amount of liquid, such as water. One end of 
the tube, when it is in operation, is located at a heat source and the other end at a 
cooler heat-removing medium the temperature of which is lower than the condens- 
ing point of the liquid inside the tube. Thus liquid is vaporized at the warm end of 
the tube and condensed at the cooler end. Gravity or capillary force causes the con- 
densed liquid to return to the warm end along the wall of the tube. The liquid and 
the quantity of the liquid are chosen according to the temperature range required. To 
enhance capillary flow, the inner surface of the tube may be coated with a suitable 
porous material. The heat transfer capacity of a heat pipe is very high as compared 
with conventional heat transfer plates or rods of equal size. 

U.S. patent document 5,699,227 discloses a heat pipe which has a threaded part at 
the end placed at the heat source. The threaded part is attached to a correspondingly 
20 threaded aperture in the cover plate of an integrated circuit. 

General description of the invention 

Now it has been invented a heat exchanger according to claim 1 . The other claims 
define advantageous applications of the invention. 

A heat exchanger according to the invention comprises a heat pipe at one end of 
25 which, at least, there is an adjustable attachment part by means of which the total 
length of the heat pipe and attachment part can be varied. Through the attachment 
part heat is transferred from the heat source to the heat pipe or, correspondingly, 
from the heat pipe to the heat-removing medium. Due to the adjustable attachment 
part the distance between the heat source and the heat-removing medium may vary 
30 within certain limits while using one and the same heat exchanger. Preferably there 
are adjustable attachment parts at both ends of the tube. 
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In a preferred embodiment there are different-handed threads and attachment pieces 
suitable to them at the ends of the tube. Preferably the threads are found on the 
outer surface of the tube, but they may also be placed on the inner surface of a 
bushing attached to the end of the tube. 

5 The attachment piece may comprise a heat transfer surface, which is placed against 
the heat source or heat-removing medium, and which is greater than the cross- 
sectional area of the heat pipe. The heat transfer surface may be especially cross- 
directional in relation to the pipe. 

The adjustment margin may be e.g. 5 to 40 mm, such as 10 to 20 mm, 
10 Drawings 

The accompanying drawings depict heat exchangers according to the invention and 
their use in the cooling of a telecommunications equipment cabinet. 

Fig. 1 shows a heat exchanger. 

Fig. 2 shows a second heat exchanger. 

15 Fig. 3 shows a mounting rack and rear wall of a cabinet with a heat exchanger in- 
stalled therebetween. 

Detailed description of an embodiment 

The heat exchanger of Fig. 1 includes a straight heat pipe 1 with different-handed 
threads 2 and 3 on the outer surface of the ends of the pipe. Attachment pieces 4 
20 with counterthreads can be attached to the threads. The distance of the attachment 
pieces attached to the threads can be altered by turning the heat pipe. 

The attachment pieces 4 have a flat bottom 5 by which the pieces can be screwed 
onto the heat source or cooling medium. On the opposite side of the bottom there is 
a higher vertical protrusion 6 containing the counterthread. The length of the whole 
25 heat exchanger is thus variable. 

Various attachment pieces with suitable counterthreads can be attached to the 
threads 2 and 3 according to need. 

Instead of or in addition to screws, two-sided adhesive tape, which conducts heat 
well, can be used, for example, to attach the attachment pieces 4. 
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Due to adjustability, the attachment pieces 5 can be brought into a contact as tight 
as possible with the heat source and the cooling medium. Heat transfer is thus 
maximal. This way, larger tolerances can be used in the construction and installation 
of hardware, and one and the same heat exchanger will be suitable for even targets 
5 having slightly different nominal dimensions. 

The lengths of the threads and counterthreads are determined according to the ad- 
justment margin required, making sure, however, that the coupling always has a heat 
transfer surface large enough for the application. 

The heat exchanger of Fig. 2 has two heat pipes 1. 1 with different-handed threads 2 
10 and 3 at the ends of the pipes. The protrusion 6,1 in the attachment piece 4.1 has 
two parallel holes with counterthreads in oblique orientation relative to the bottom 
5.1. Thus the cooling end of the tube can be placed higher than the heating end and 
the condensed liquid will be returned to the heating end by gravity. The heat pipes 
further comprise gripping points 7, such as nuts, by which the pipes can be turned. 
15 In addition, the attachment pieces comprise vertical cooling fins 8. 

Fig. 3 shows a telecommunications equipment rack 9 with a rear wall 10 and side 
walls 1 1 between which components are installed and mounted onto the rear wall. 
When in operation, the components warm up and part of the warmth is transferred 
to the rack. Heat is evacuated from the components and rack by radiation and con- 

20 duction. Heat is conducted especially through air and, indeed, the cabinet includes a 
fan to circulate the air and to enhance the transfer of heat. The temperature allowed 
inside the cabinet may be e.g. 40 to 75 °C To provide additional cooling, the rear 
wall of the mounting rack is connected through a heat exchanger 12 according to 
Fig. 2 to the rear wall 13 of the surrounding cabinet. In a normal mounting rack it is 

25 the rear wall that is the warmest part to which wanxith is transferred through contact 
pins and circuit boards. The walls and frame of the cabinet provide a large cooling 
area. 

By using in the cabinet a heat exchanger according to the invention it is possible to 
reduce the power needed to circulate the air and, hence, the size of the blower 
30 equipment. Due to adjustability, the heat exchanger can be installed in an optimal 
contact even though the matching tolerances of the cabinet and rack are typically 
quite large (say, 10 to 20 mm). One and the same heat exchanger can be even used 
in mounting racks and cabinets of different standards. The size and quantity of the 
heat exchangers are determined according to the additional cooling power needed. 
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A suitable heat pipe diameter could be e.g. 5 to 50 mm, length 5 to 30 cm, and heat 
transfer capacity 5 to 300 W. Cabinet size could be e.g. 50 to 250 cm, depth 15 to 
70 cm and height 70 to 250 cm. 
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Claims 

1. A heat exchanger comprising a heat pipe (1) having at one end an attachment 
part to attach the heat pipe to a heat source and at the other end an attachment part 
to attach the heat pipe to a heat-removing medium, characterized in that the length 

5 of at least one attachment part (2, 4/4. 1; 3, 4/4. 1) of the heat pipe (1) is variable and 
it can be used to adjust the combined length of the heat pipe and attachment part. 

2. The heat exchanger of claim 1, wherein there is an adjustable attachment part 
(2, 4/4. 1; 3, 4/4. 1) at both ends of the heat pipe. 

3. The heat exchanger of claim 1 or 2, wherein there is a thread (2; 3) at the end 
10 of the heat pipe and a counterthread for it on the attachment part (4/4. 1 ; 5/5. 1). 

4. The heat exchanger of claims 2 and 3, wherein there are different-handed 
threads (2, 3) at the ends of the heat pipe. 

5. The heat exchanger of claim 3 or 4, wherein the thread (2; 3) is located on the 
outer surface of the end of the heat pipe. 

15 6. The heat exchanger of any one of claims 3 to 5, wherein the attachment piece 
has a bottom (5/5.1) to be placed against a heat source or heat-removing medium on 
the other side of which there is a counterthread for the heat pipe thread (2; 3). 

7. The heat exchanger of claim 6, wherein the counterthread for the heat pipe 
thread (2; 3) is oblique in relation to the bottom (5). 

20 8. The heat exchanger of any one of claims 1 to 7, wherein there are a plurality 
of heat pipes at the ends of which there are common attachment parts (2, 5.1; 3, 
5.1). 

9. The heat exchanger of any one of claims 1 to 8, wherein the combined length 
of the heat pipe (1) and attachment parts (2, 4/4.1; 3, 4/4.1) can be varied by 5 to 

25 40 mm, such as 10 to 20 mm. 

10. A cabinet containing telecommunications equipment, wherein there is a 
mounting rack (9) for electronic components as well as walls (13) around the 
mounting rack, characterized in that to transfer heat from the mounting rack (9) to 
the walls (13) the cabinet contains a heat pipe at one end of which there is an at- 

30 tachment part (2, 4/4.1) to attach the heat pipe to the mounting rack (9), and at the 
other end of which there is an attachment part (3, 4/4. 1) to attach the heat pipe to a 
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wall (13), and that at least one attachment part (2, 4/4. 1; 3, 4/4. i) can be adjusted in 
order to vaiy the combined length of the heat pipe and attachment part. 

11. The cabinet of claim 10, wherein that end (2, 4/4.1) of the heat pipe which is 
attached to the mounting rack is lower than that end (3, 4/4. 1) which is attached to a 

5 wall. 

12. A method for cooling electronics equipment located in a closed space, wherein 
heat is transferred from the electronics equipment to a heat-removing medium 
through a heat pipe one end of which is attached by means of an attachment part to 
the electronics equipment and the other end by means of a second attachment part to 

10 the heat-removing medium, characterized in that a heat pipe is used in which at 
least one attachment part is adjustable in such a manner that the combined length of 
the heat pipe and attachment part can be varied. 
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Fig. 2 
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